Oral tenofovir-based preexposure prophylaxis (PrEP) is highly effective in preventing human immunodeficiency virus (HIV) infection when taken consistently [1, 2] . PrEP is recommended in global guidelines for individuals at substantial risk of HIV acquisition [3] and rollout is beginning across sub-Saharan Africa. Despite the promise of PrEP, data on uptake in African settings outside of clinical efficacy trials are limited. Moreover, most studies to date have offered open-label PrEP to highly targeted populations, such as serodiscordant couples [4] , young women [5, 6] , or sex workers [7, 8] . Data on the feasibility of assessing PrEP eligibility based on population-level risk assessment, and subsequent uptake, are currently lacking.
"Early adopters" of PrEP (those who start PrEP within 30 days vs those who delay initiation or never start) can provide insights into the characteristics of individuals who elect to take PrEP. Early adopters are more likely to be opinion leaders and change agents [9] . As PrEP is newly introduced, they may become "PrEP champions" and promote further uptake in their communities. Identifying individuals less likely to start PrEP and barriers to uptake will also be critical for developing programs to support these populations.
We report on early adopters of PrEP in the Sustainable East Africa Research in Community Health (SEARCH) study, an ongoing population-based HIV test-and-treat and combination prevention trial in rural Kenya and Uganda. The study is implementing a PrEP intervention that includes targeted PrEP based on population-level and self-identification of HIV risk with rapid start offered. In this analysis, we describe predictors
M A J O R A R T I C L E
of early adoption of PrEP using data from 5 SEARCH communities that were among the earliest to implement the PrEP intervention.
METHODS

Study Design and Population
The SEARCH study (NCT01864603) is a cluster-randomized controlled trial that has enrolled >130 000 adults in 32 communities in Kenya and Uganda since 2013 [10, 11] . In phase II of the trial (2016-2020), SEARCH is providing targeted PrEP as an intervention. In this descriptive study, we present data on HIV-uninfected adults (aged ≥18 years) in 5 SEARCH communities (2 in Homa Bay and Migori counties in Kenya and 3 in southwestern Uganda) in the phase II intervention arm.
Procedures
From June to September 2016, study staff conducted community-wide HIV and multidisease testing, using a hybrid approach combining mobile 2-week health campaigns followed by home-based testing for those who did not attend the campaign [10] . This approach resulted in testing of >95% of stable residents in the first 2 years of SEARCH [12] . Hybrid testing was preceded by 1 month of community mobilization and sensitization activities on PrEP, including meetings with community leaders and groups, such as health workers, religious leaders, youth, and workers in transportation and fishing industries. At health campaigns, PrEP education and discussions occurred on arrival at the campaign, with HIV counselors and clinicians, and at health discussion tents for women, men, and adolescents. During home-based testing, 1 staff member conducted HIV testing and counseling and provided information about PrEP.
Before HIV testing, study staff collected sociodemographic information from community members. These characteristics (eg, age, sex, marital status, polygamy, educational attainment, circumcision, occupation, and alcohol use) were used to identify persons at higher risk of HIV acquisition, based on an empirically derived risk score. The risk score was based on applying ensemble supervised machine learning methods to seroconversion data from the first 2 years of the SEARCH phase I intervention arm, with the goal of minimizing the number of PrEP starts while ensuring coverage of 50% of seroconversions [13] . The score provided a region-specific algorithm to identify PrEP candidates (classified as identified by score vs not).
HIV antibody testing was conducted, followed by counseling on test results, risk factors for HIV acquisition, and strategies for HIV prevention. Information was provided on PrEP, including how it works and is taken, adverse effects, and who might benefit from PrEP. Counselors engaged participants in discussion of their potential risks for HIV based on personal or partner factors (eg, knowledge of partner HIV status, concurrent partnerships, condom use, and circumcision) and the HIV risk score described above to facilitate self-assessment of risk.
PrEP was offered to HIV-uninfected individuals based on (1) risk score or (2) self-identified risk of HIV among individuals not identified by the score. In addition, HIV-uninfected individuals in serodiscordant partnerships were encouraged to start PrEP during HIV counseling or based on referral from HIV clinics by their partners. For participants identified for PrEP by risk score, counselors explained "from what we have learned from your community, and what you shared at the beginning of the campaign, we think that you would benefit from taking PrEP. " After counseling, study staff documented whether individuals were interested in PrEP and whether they were identified by risk score or self-identified risk.
Individuals identified for PrEP were offered transportation to clinics to start PrEP the same day or within several days. In 4 communities, on-site PrEP initiation was offered at the health campaign but not at home. PrEP eligibility included negative HIV testing performed by SEARCH within the past 4 weeks (based on country-standard antibody testing algorithm), no history of hepatitis B infection (by self-report), and no symptoms of acute HIV infection. Phlebotomy was performed for baseline creatinine testing. After providing written informed consent, participants were provided tenofovir disoproxil fumarate (300 mg) with emtricitabine (200 mg) or lamivudine (150 mg), free of charge. Follow-up was scheduled at 4 weeks, 12 weeks, and then quarterly for up to 144 weeks, after which the study will facilitate the transition of care to local health facilities.
Before HIV testing and counseling, individuals were asked about their current self-perceived risk of HIV acquisition ("Do you think you are at risk for HIV infection?"). The response to this question (yes, no, or "I don't know") was used to analyze "self-perceived risk" but was not incorporated into counseling discussions on HIV, PrEP, and self-assessment of risk.
Statistical Analyses
Descriptive statistics were used to characterize individuals identified for PrEP by risk score or who self-identified for PrEP. Serodiscordant spouses were identified by linking HIV testing data on the head of household to their spouse, and were also classified as identified by risk score or self-identified for PrEP. "Early adopters" were defined as those who started PrEP within 30 days of testing (based on enrollment in the PrEP study and receipt of medication). Univariate and multivariate predictors of being an early adopter were analyzed using logistic regression with cluster-robust standard errors (to account for household-level clustering) with community as a fixed effect. Analyses were conducted using SAS software, version 9.4.
Ethics Approvals
The SEARCH study was approved by the institutional review boards of Makerere University, the Uganda National Council of Science and Technology, the Kenya Medical Research Institute, and the University of California, San Francisco. All SEARCH participants provided verbal informed consent; PrEP participants provided written consent in their preferred language.
RESULTS
PrEP Uptake and Timing of PrEP Initiation
Of 21 212 HIV-uninfected adults in 5 SEARCH communities, 4064 were identified as eligible for PrEP, of whom 2991 (74%) were identified based on empiric risk score and 1073 (26%) who were not identified based on the risk score self-identified for PrEP ( Figure 1 ). Of individuals identified by risk score, 321 (11%) were early adopters and initiated PrEP within 30 days; of these 321 early adopters, 250 (78%) started PrEP on the day of HIV testing and PrEP counseling. Of individuals who self-identified for PrEP, 418 (39%) were early adopters, of whom 321 (77%) started PrEP same-day. Overall, 631 adults (275 identified by risk score, 356 self-identified) initiated PrEP within 1-2 days, 717 (309 identified by risk score, 408 self-identified) within 3-7 days, and 739 (321 identified by risk score, 418 self-identified) within 8-30 days ( Figure 2 ).
Characteristics of Individuals Identified for PrEP
Among adults identified for PrEP, 1934 (48%) were female, 1929 (47%) were 18-25 years, and 2012 (50%) were from Kenya (Table 1) . More than half (56%; n = 2290) were married; 1490 (37%) were single. Three-quarters (76%; n = 3103) tested at health campaigns, and one-quarter (24%; n = 961) through home-based testing.
The majority of individuals identified by risk score were male (54%), young (56% aged 18-25 years), and uncircumcised (65%). Half were married (22% polygamous), 43% were single, and 14% had migrated outside the community in the past year. One-quarter (26%) were employed in high-risk informal sector occupations, such as fishing, bar work, transportation, or tourism [14, 15] .
Most individuals who self-identified for PrEP were older (42% aged ≥36 years), employed in the low-risk informal sector (63% employed as farmers, shopkeepers, market vendors, hotel workers, homemakers, miners, or construction workers), and had lower educational attainment (9% had no formal education). The majority (74%) were married (24% polygamous). Nearly all (99%) who self-identified for PrEP were tested at health campaigns rather than home.
Self-perceived Risk of HIV Acquisition
Before HIV testing and counseling, community members were asked about their current self-perceived risk of HIV. Of adults identified for PrEP, 35% initially reported self-perceived risk of HIV before HIV testing (30% of those identified by risk score and 49% of those who self-identified for PrEP) and 5% reported that they did not know if they were at risk.
Predictors of Initiating PrEP Within 30 Days
Among adults identified for PrEP by risk score, in a multivariate model adjusted for community, occupation, alcohol intake, and circumcision, being male (adjusted odds ratio [ Among individuals who self-identified for PrEP, the unadjusted odds of initiating PrEP increased with increasing age, although this trend did not remain significant in multivariate analysis (Table 3) . In a multivariate model, older age (46-55 vs 18-25 years; aOR, 2.30; 95% CI, 1.29-4.08) and having a serodiscordant spouse (2.61; 1.01-6.76) were associated with greater odds of being an early adopter, whereas having primary (0.53; .33-.87) or secondary education or above (vs no formal education; 0.53; .33-.93) and testing at the health campaign (vs at home; 0.14; .004-.50) were associated with lower odds of early PrEP initiation.
DISCUSSION
In the context of the rapid introduction of PrEP via community-wide HIV testing and population-based and self-identification of risk, nearly one-fifth of >4000 adults identified as eligible for PrEP started PrEP within 30 days. In 5 SEARCH communities that were among the first to implement our PrEP intervention, the majority of these early adopters started PrEP on the same day it was offered. However, only 11% of community members identified as being at higher risk of HIV acquisition based on an empiric risk score started PrEP within 30 days and were less likely to do so than those who self-identified for PrEP. Moreover, fewer than half of individuals identified for PrEP initially reported self-perceived risk of HIV before receiving counseling on their HIV test results and education about PrEP.
To our knowledge, this study is among the first and largest to evaluate PrEP uptake in sub-Saharan Africa when offered via a population-based approach. Our findings demonstrate the feasibility of evaluation for PrEP and rapid initiation in community-based settings and highlight the need for ongoing sensitization and education about PrEP, as well as strategies to facilitate discussions of self-assessment of risk and uptake among those at risk. Our PrEP intervention includes a combined approach to assessing PrEP eligibility through population-based risk assessment and self-identification of HIV risk. Our approach is novel in that it aims to target those at highest risk on a population level to maximize impact rather than offering PrEP based on membership in specific risk groups [13] . Other risk scoring tools have been developed for serodiscordant couples, pregnant women, and younger women in southern and eastern Africa [16] [17] [18] , but not for the general population, and none were derived using machine learning.
Our score is based on demographic characteristics that are asked of all community members and requires neither asking sensitive sexual behavior questions (including the sex of partners) during screening nor testing for non-HIV sexually transmitted infections. Our approach also provides an opportunity for counseling and self-assessment of risk. This is in line with World Health Organization guidance, which recommends offering PrEP to those who request it in the context of a generalized epidemic [19] , because persons who request PrEP are likely to be at higher risk of HIV [20] . As PrEP rollout expands, further assessment of PrEP uptake after the application of our risk score and others is needed, as are data on the predictive performance of these scores [21] . Future studies should examine the whether adding targeted behavioral data to population-level risk assessment improves score performance.
We found that only 35% of community members who were identified for PrEP initially reported self-perceived risk of HIV. Because community members in our study were asked about perceived risk before counseling on HIV test results and PrEP, self-perception of risk may have increased during counseling, leading individuals to self-identify for PrEP. In addition, our study findings and those of others suggest that brief questions with discrete answer choices may not fully capture risk perception. In the placebo-controlled FEM-PrEP trial that enrolled Kenyan, Tanzanian, and South African women, half of seroconverters reported no perceived risk at the visit preceding seroconversion [22] . In HPTN 082 (an ongoing open-label PrEP study among young women in South Africa and Zimbabwe), at baseline, 47% of participants reported no risk of HIV in the next year [5] . As PrEP implementation expands, further strategies are needed to rapidly and sensitively facilitate self-assessment and reporting of risk and recognition of risk based on empiric scoring tools. Future research should include quantitative and qualitative assessments of HIV risk perception, as well as the perceived severity of HIV infection, which can drive demand for PrEP [23] . Work is also needed on methods to communicate the results of risk scoring tools and triangulate these results with individuals' self-perceived risk.
Sex was an important factor in the early adoption of PrEP. Among community members identified for PrEP by risk score, women were less likely than men to be early adopters. Placebo-controlled PrEP trials that exclusively enrolled African women demonstrated limited use of the study product (pills or gel) among participants [24, 25] . Although data are limited on open-label PrEP uptake among women, recent studies have found higher levels of PrEP initiation [6, 26] . Our qualitative work in SEARCH communities suggests that many women recognize their risk of HIV acquisition but feel the need to seek consent from their male partners before starting PrEP [23, 27] . This may pose a substantial barrier to uptake for women who have partners who are HIV uninfected or of unknown status but desire PrEP owing to their own risk or perceived risk from their partners.
Age was also a significant factor in the early adoption of PrEP. Younger adults (aged 18-25 years) were less likely to initiate PrEP, in multivariate analysis among individuals who self-identified for PrEP and in univariate analysis among those identified by risk score. Given the rapid increase in HIV prevalence by the time youth (particularly young women) reach their mid-20s in SEARCH communities [28] and in much of southern and eastern Africa [29, 30] , this is a priority population for HIV prevention efforts. A recent study found that oral PrEP was acceptable to young men and women in Cape Town [31] . However, studies demonstrate gaps along all steps of the HIV treatment cascade for young persons [11, 32] suggesting that engagement with PrEP may also present a challenge. Ongoing studies offering PrEP to youth will provide valuable insights into drivers of and barriers to PrEP uptake in this population.
More early adopters started PrEP after testing at health campaigns, compared with home-based testing. This finding may have been related to differences in how PrEP was offered in these testing venues (with more opportunities for PrEP education/discussion and on-site start at campaigns) or in the healthcare-seeking behaviors of these groups (because persons who did not present to campaigns were subsequently offered testing at home). Our results suggest that additional strategies are needed to provide PrEP education and engage individuals who are less likely to seek HIV testing, and to reduce barriers to PrEP initiation after testing at home.
This study is subject to several limitations. Fewer individuals may have been early PrEP adopters owing to the short time frame over which PrEP was introduced in communities before being offered. In other settings (eg, the United States), uptake was slow when PrEP was first introduced [33, 34] . PrEP uptake may also have been lower because we offered PrEP within a study before it was available through public sector clinics. Although PrEP was provided free of charge and at several clinics within each community, PrEP initiators were required to provide written consent.
Of note, although transportation to the clinic for same-day PrEP initiation was offered, no additional incentives or transport reimbursement were provided, thus enhancing applicability to real-life settings. Another limitation is that serodiscordant spouses were identified by linking HIV test results of the head of household to their self-reported spouse; the study survey did not ask about discordant or secondary partnerships. This approach does not identify serodiscordant partnerships among individuals who are not married, not living together, or not married to the head of household.
In conclusion, our study demonstrates that a PrEP implementation approach combining a population-based risk score and self-identification of risk, as well as rapid initiation of PrEP, is feasible in rural East Africa. However, most individuals who were identified by risk score neither reported self-perceived risk of HIV nor started PrEP within 30 days. The SEARCH study is offering PrEP initiation on an ongoing basis for persons in serodiscordant partnerships or newly self-identifying as at risk. Qualitative work is being conducted in SEARCH communities to further clarify reasons for declining PrEP, and the study is implementing efforts to address barriers to and optimize PrEP uptake. As PrEP is rolled out across sub-Saharan Africa, scalable strategies are needed to facilitate recognition of HIV risk and overcome barriers to PrEP uptake, maximizing the impact of this HIV prevention modality.
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